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Hie subject invention concerns new methods which make it possible, for the fiist time, to grow functional islett in us vitro cultuics. 
The nibject' irivehtiaii also concerns the use of the In vfiro grown islet-like structures for iinplantation into a mammal for in vrVo therapy 
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the same functional, morphological and hiajfelbi^caEJ idu ii a c ietis t iCT m those ^observed* in nbnhal pancreatic tissue. The aUlity to grow diese 
cells in vitro^ and organs in vivo opens up Important new avemies for researdi and dierapy lelating to diabetes. 
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nFSiPRIPTfON 
W VfTltO CRoWro OF Fl'lNfT-ION 

T^f '^^r!"""^ .^ Invention 
Diabetes is a major public health problem. As presented in the 1987 
Report of The National Long-Range Plan to Combat Diabetes 
commissioned by the National Diabetes Advisory Board, six million 
persons in the United States are known to have diabetes, and an additional 5 
million have the disease which not yet been diagnosed. Each year, more 

than 500,000 new cases of diabetes are identified. In 1984, diabetes was 

— ;. j..it.5/i/.. 'I in- 
directly causal in 35, 000 American deaths and was a contributing factor in 

another 95,000. 

Ocular complications of diabetes are the leading cause of new cases 
of legal blindness in people ages 20 to 74 in the United States. The risk for 
lower extremity amputation is 1 5 times greater in individuals v/itih idiabetes 
than in individuals without it. Kidney disease is a frequent and serious 
complication of diabetes. Approximately 30 percent of all new patients in 
the United States being treated for end-stage renal disease have diabetes. 
Individuals with diabetes are also at increased risk for periodontal disease. 
Periodontal infections advance rapidly and lead not only to loss of teeth but 
also to compromised metabolic function. Women with diabetes risk serious 
complications of pregnancy. Current statistics suggest that the mortality 
rates for in&nts of mptliers with diabetes is approximately 7 percent. 

Clearly, the economic burden of diabetes is enormous. Each year, 
patients with diabetes or its complications spend 24 million patient-days in 
hospitals. A conservative estimate of total annual costs attributable to 
diabetes is at least $24 billion (American Diabetes Association est., 1988); 
however, the fiill economic impact of this disease is even greater because 
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additional medical expenses ^often are attributed to the specific 
coiiipii cations of diabetes rather than to diabetes itself. 

Diabetes is a :chrpnic; complex metabolic^ in the 

inability of the body to properly maintain and use carbohydrates, fats, and 
proteins. It results form the interaction of various hereditary and 
environmental factors and is characterized by high blood glucose levels 
caused by a deficiency in insulin production or an impairment of its 
utilization. Most cases of diabetes fall into two clinicaii types: type I, or 
juvenile-onset, and Type Ih or adult-onset. Type I diabetes is often refereed 
to as Insiilm Dependent Diabetes, or IDD. Each type has a different 
prognosis, treatment, and cause. 

Approximately 5 to 10 percent of diabetes patients have IDD. IDD is 
characterized by a partial or complete inability to produce insulin usually 
due to destruction of the insulin-producing p cells of the pancreatic islets of 
Langerhans. Patients with IDD would die without daily insulin injections to 
control their disease. 

Few advancements in resolving the pathogenesis of diabetes were 
made until the mid-1970s when evidence began to accumulate to suggest 
that Type I IDD had an autoimmune etiopathogenesis. It Is how generally 
accepted that IDD results from a progressive autoimmune response which 
selectively destroys die insulin-producing p cells oif the pancreatic Islets of 
Langerhans in individuals who are genetically predisposed. Autoinmiimity 
to the p cell in iDD involves both immoral (Baekkeskov e/ aL, 1982; 
Baekkeskov et aL, 1900; Reddy et al., 1988; Pontesilli et aL, 1987) and 
cell-mediated (Reddy et aL 1988, 5tfpra; Pontesiili et a/., 1987, supra; 
Wang et al.^ 1987) immune mechanisms. Humoral immunity is 
characterized by the appearance of autoantibodies to p cell membranes 
(anti-69 kD and islet-cell surface autoantibodies), p ceil contents (ami- 
carboxypeptidase A,, anti-64 kD and/or aniiGAD autoantibody), and/or p 
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5 M J cell secretory proditctsi (Miti-ihsulin).^ While serum does not transfer IDD, 

ahti-p'ceirauiomtib&dy occurs' at a very early ageVnaisiiiig the -question of an 
*^vifdhm6htal trigger, pbs^^^ The presence 

of cell-niediat^d irhmuhdlogitar'rM natural coinse of IDD is 

evidenced by ailihflammatdry lesion within the pancreatic islets, termed 

1 0 iriOTlitisl^ ^Insuliti&r- in^ w^^^ are clearly 

viisiblc'by histology; hai b^'^hbvvxi to be comprised of niimierdus cell 
type^;^ incfudihg t and B lyrnpHocytesi nibhocytes' and natural killer cells 
(Signore et al., 1989; Jarpe et aL, 1991 ). Adoptive transfer experiments 
using the NOD <iion<>bese diabetic) mouse as a mode of htuhan IDD have 

1 5 firihly establishdd a primaiy rble for auto^aggressivc^^^ lymphocytes in the 

r psffli6genesis oflDti (Befedaagrc/^rfi^^l 987? MiWctet a^'l 988; Hanafiisa et 
aU 1988; Bendelace/a/., 1988)i^ Uhfbr*3riatefy^^^ 
underlying'xl&firuc^^^ Unknown, 
i ; J^;^y^e,^|r^ff^j|:|^ 1^ reported 

20 -! mifie^^^ or 
-paffiaiy diffdentiat^ m'cultufie hSvc 'gr^ or 

' ^^lij^^egate^? By TO a 
' • mytli<>d*mdast^ 
^ a moip^ of cdlliiiar/brgaiiizalibn to a 

25 ' hbririal isliet'pi^ ■ ' * ' > - 

' =■ Gai^Mr 'et a/.v (r980) disclbsed a cohtiri^^ clonal, irisulin- and 
' ' soriaiMtatin-sdreting cei^^ 

cell tumor. However, the cells disclosed were tumorigenic and were not 
■ '•■^ipluripbteriti • • ■ .-.i^ xc-. 

30 Brothers, A J. (WO 93/00441, 1993) disclosed honnone-secreti 

cells, including pancreatic cells, maintained in long-term culture. However, 
the cells cultured are differentiated; as opposed to pluripotent stem cells. 
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which are selected at an early stage^ for their hormone secreting phenotype, 
as. opposed: to itheir capacity to regenerate a pancreasrlikeistnictiire. 

' Korsgren e/ aZ-vdiscIosed an /^ v//rp scroti of cpmpp their 
potential to induce difTerentiation of fetal porcine pancreatic cells. . The 
instant invention does not depend on the use of fetal tissue. , 

/; Nielsem JiH.. (WO.86/0153P;; 1986) disclosed a methpd^ f^^^ 
pn>liferation of wholly or partially difTerentiatedbem 
disclosure depended on fetal tissue as a source of the islet cells grown in 

. i^, -culture.. ••.4.-^-^r:..» ■>.:^„ a /vai:, -.-v.- --.H O-^-,, . 

J McEvoy et aL ( 1 982), disclosed a method for tissue culture of fetal 
: rat islets and compared the effect of serum pn the defmed medium 
niaintcnance^ growth and differen^d again, 
the source of islet Cjells is fetal ti^^ , ' 

Zayas et aLXEP. 0 363 125,, 1 990), disclosed a process for 
proliferation of pancreatic endocrine cells. The process depends on the use 
: of fetal pancreatic tissue, and a synthetic.stru must 
be preparedvto eipbed these for, implantation. The thus produced 
aggregates of .cultur(edrcells:U^ require ^G^Qr^Q.^ays^b^ 

having any effect on blood glucose Jeyelsy^^wd,^ 1 1 0? 120 days before 
euglycemia isjapproached.^^ By.conll^^ct, the Jn^tfmtiny in 
vitro grown islet-like structures. which do npt require collagen, prpther 
r synthetic means for retention of their prganiza^on, in.whic;h, upon 

iinplantation^ rprovide much more r^^^ the glycemic state of the 

; recipient : . -.r- ■ 

Coon et at. (WO 94/23572^ 1994), disclosed a method for producing 
an e3qpanded,:non-transfonined cell culture of pancreatic cells. Aggregated 
cultured cells: are then embedded in a collagen matrix for implantation, with 
the attendant shortcomings notes for the Zayas et aL, supra structures and 
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5 ' » * the distihctions notdd' with the 

'^• invention/ ' ' . v. 

-Dcspitci^the foregbih^ 
functional islet-like structures^ containing cells which express insulin, 
glucagon and/or somatostatin; which can^ be. implanted into clinically 
10 diabetic mammals which' subsequently remaihrhealthy (after elixhination of 

imulih treatment), is surprising; This is because conventional and 
inmiiihoflubresceht histology of the paiicreadc islets 

€t aU 1957; Baum et al^ 1 962j Dubois, 1975; Pelletier o/i; 1975; Larsson 
et a/;, 1 975); together with recent three dimensional imaging (Brelje et aL^ 
15 1 989X havb^revealed a lemarkable architecture and cellular organization of 

^ - i^ahcreatic islets ideal' for rapidi*ybt' finely-' controUed^^ responsesao changes 
• '-f 'Hn blood glucose 'fevels..^1t<ibuld not be predicted that islich a structure could 
be ptt^uced m vi/roi p 

'emBrybgehesis;islet -develbpnim^ within the pancreas-appears to be 
20 •'•initiated froni tmdifferehtiated precu^ cells 'associated primarily with the 

pancreatic ductal epithbliuin' (Pictet et a/ji l972) i:e.'hbn4slet cells: The 
ductal l^itfielium 'rapidly prdliferatesv theii subsequently differehtiates into 
the variduis islet -Associated ceU^ populations (Hellerstrdm, 1984; Weir et al. , 
' 1990; Teitelmaii^^/ b/j, 1993; Beattie e/ oA; 1994)/ The resulting islets are 
25 orgianized into spheroid stfuctm^ which insiilin-prodiicing p cells form a 

core siirroimded by a mjaihUe of no cblls. For the most part; gliicagon- 
producin^a ceils (if the islet is derived fiom the dorsal lobe) or 
alternatively, pancreatic peptide-prbducing PP cells (if the islet is derived 
from the ventral 16be)i reside within the outer cortex (Brelje: e/ dL, supra ^ 
30 1989;' Weir et dL, supra,- 1 990): ^ Somatostatiri-producing 6 cells; which are 

dendritic in nature, reiside within the inner cortex and extend pseudbpodia to 
innervate the a (or PP) cells and the p cells. Tliese spheroid islet structures 
tend to bud from the ductal epithelium and move short distances into the 
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: suiTOundirig excK:rine tissue: Angiogenesisrinduced y^ results 
in direct arteriolar blood flow to mature islets (Bonner- Weir e/ a/.. 1982; 
Teiteln3an.e/aAvl988;Menger€/aA,;l^^^ . 
stimulate p cell proliferation; vascularization may act to increase further the 
numbers of p icells. ^ Similarly; neurogenesis leads to the . iimjeiyatipn of the 
islets%with sympatheticvparasympa[thetic:and pq>tidergic neurons (Weir et 
aL^ st^a^ 1990). >That we have been able to produce functional islet-like 
structures inyitroiwhich can^then be implanted to produce pancreas^-like 
stnictures, is therefore xjuite rental 

Unfonuriately, the cellular organization of the islet; can be d« 
in diseases such at type L insulin dependent diabetes (IDD), in which a 
, : progressiyp humoral and eel Iriifiediated autoimmune respoi^e results in 
specific destruction of the |nsulin-producing p.^ejls (Eisenbarth,f 1 986; 
Leiter e/ a/., 1987). Because the p cell is considered to be, for the most 
part^ a diffeirentiated end-stage cell, itrisf believed that the body has limited 
cq;>acity to generate new p ceHs, thus necessitating regular liferlong insulin 
: . therapy once the p-ceU mass is. destroy 
:aminalsi :the Prcell jnass has; ibeenrsbown.to increase order to 

■ maintain euglycemia:(Boiinerr;Weir er<?/., 1994). The plas^ can occur 
through^ two pathways of islet growth: firsts by nppgenesis,, pr growth of 
new islets by differentiation of pancreatic d^ by 
hypertii^phy, or expamipntthrougfa replicadpn of preexisting: p cells. 
During embryogenesis, the;p-cell mass initiallve?q)md5,fi^ 
differentiation ofnew jcells, but by the late fetai^tages the differenUated p 
cells replicate. Replication, then^ is likely to be the principal means of 
expansion after births but the capacity to replicate appears to diminish with 
age. Aduh islet cells have been shown to replicate by responding to stimuli 
known to initiate neonatal islet cell growth, e.g.; glucose, growth hormone, 
and several peptide growth factors (Swenne. 1 992; Hellerslrom et al,, 1 988; 
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Bbiiner-Wcir a/.i^l989; Mkiynissen 4?/ a/.. 1983; Neilsen e/ aL, 1992; 
< BreljeWa/., 1993);- These observations suggest that the low level of p-cell 
' growth ifi^ the- adiilt can accommodate functional demands. For example, 
during pregnancy br chronic' obesityi p cell mass increases significantly yet 
is reversible since, following termination of pregnancy or after weigfit loss, 
an increasi^* p cdl death via^apoptosis quickly.red^^ p.cell mass. 
' ^ It lis generally accepted that all pancreatic endocrine cell types 
differehtiate firom the same ductal epithelium (Pictet et al.^ 1972^ supra; 
Hellditrorb^' 1984) siq^ra; Weir eraU 1990;5i4prfl; Teitelman e/ a/:,- 1993, 
supra\ but whether they are derived from :a common stem/precursor cell is 
<unceit£uh.- In homiai ^ 

>^ithin'the'ductal epithelium .will express islet cell^hormones and can be 
\ Tstiihulated to undergo: morphogenicichanges to^fonn new islets,^ 
of hfeogenews: This riebgencsis has b» 
V treiitme^^^ trypsin inhibitors (Weayer ^/ fl/.,il985), high levels 

of intcrferoii-y (Gu er aA, 1 993); pieutial pancreatectomy (Bbhncr-Wei et 
fl/^>^1993)? wrapping of t^^^ head of the pancreas iii cellophane (Rosenberg et 
d/H^ 1992); specific growth factors' (Otonkoski et ^/., 1994) and the onset of 

^ clinical IDD^ Recently, attention has focused on ih^ Reg gene (Watanabe et 
a/U 1994vOtdrikosiki 19 a subtracted cDNA library of 

regenerating rat islets, as a controlling element in the neogenesis of islet p 
cells. Up-regulalion of the /ieggene (e.g., by hepatocyte growth 
' ' fiictor/scatter^^ induces'p cell proliferation resulting in increased mass, 
while down-regulation of the J?e^ gene (e.g., by nicotinamide) induces 
differentiation of the 'pre-p'-cells to mature cells.r-Thus^ a population of 
precursor/stem cells remain in the adult pancreatic ducts and differentiation 
of this population can be evoked m vivo in response to specific stimuli. 
This action may actually occur continuously at low levels. 
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Although intensive efforts have heen^ made to reproduce islet: 
neogehesis m v//ro; niinimal success has been achieved. We now describe, 
r f(Mr the. first liniev conditions which pennit the grow^ expansion of 
• mammalian-derived islet-producing stem cells (IPSCs) in culture, as well as 
.; their dififerentiationno islet-like structure^^ 

^ / r; Nimierous strategies (e^g:^: bone- niaiTow replac^^t^ 
immimosuppressive drugs and autoantigen immunizations) have been 
investigated as possible means to arrest the immunological attack against 
the pancreatic 0' cells. However, for these approaches to be effective, 
individuals who will eventually develop clinical disease must be identified. 
Most often, patients are identified too Jate for effective intervention therapy 
since ithe immunological attacks has progressed to a point where a large 
percentage of the p cells: have sJready^ been destroyed^; Because, the p cell is 
thought to be an end-stajge differentiated cell^ it was previously^ believed that 
the. body has little ciqiacity to regenerate neyi^ P; pells, thus necessi 
regular. lifcTlong. insulin ihiCTS^y.i ^Repently, one approach, to pyeicpme this 
problem has been islet cell transplantation. Islet cell tean^ the 
disadvantage that the islets are allogeneic which^^ injtun^ .can invoke an alio- 
immune'.respcMise. Thus; there would be-major advantages tO' growing Islets 
of Ij^gedians containing fiinctionaltp cells directly, from IDD patients. 

Brief Summary of thg lnvCTtion , 
> The subject inventions concerns the discovery that functional islets 
containing insulin-producing prcellSv as well as other islet cell types, can be 
grown in longnerm cultures from pluripotent stem cells, which give rise to 
islet producing stem cells, IPSCis. 

The novel methods of the subject invention take advantage of the 
discovery that IPSCs exist even; in the pancreas of adult individuals. The 
cells can be cultured in a minimal, high amino acid nutrient medium that is 
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supplemented with normal serum which is preferably derived^ from the same 
tnanmiali^ species 
• serum). ' Several discrete phases of cell growth result in selection of IPSCs 
ahd'subseqiient progeny which are then indiiced to difTerentiate and form 
islet*like istructures' which arc distinguishable from: pseudot islet orpseudo- 
' pahcreiatic tissue of the prior art. In a first phase, primary culture of cells 
from a pancreas are placed in a low serum, low glucose, high amino-acid 
basal medium: This culture' is then k several seeks to 

permit establishment of stromal cells and to iallow the vast majority of 
difTerentiated cells to die: Once this stronial cell layer is mature^? cell 
differentiatioh can be initiated by re-feeding the cell culture, with the high 
amino a^ homologous normal serum plus 

' • gluOTse- ^ lAfter'Mi additional period? of growth} functionalrislets containing 
ceils which produce insulin; glucagon, somatostatin aiid other endocrine 
• hbirobhes'can' then be recovered using standard tecfiniiquesv . 
, - . : . : It was hot previbu^^ 

noh-isret'cellls (ductal derived cells) could be used to grow new islet-like 
sbiictures, Including p ccllsrin cultiire;^^^^ of culture 

techniques for growing islet-likie tissue j>i v/Yroeliminates; what had 
previously been a substantial and longstanding barrier to diabetes research. 
The hover methods arid niaterials described, herein enable a better 
understanding of,the-mechanisms of diabetes. Furiheraiore, the ability to 
produce islet^ike structures from IPSCs in culture now makes certain 
therajpies for diabetes possible for the first time. : For example, in 
ac^rdahce With tlie subject iriventiom new cultured islets drom diabetic 
individuals can be implanted in a patient as a way to control or eliminate the 
patient's need for insulin therapy because the cultured islets: and/or islet cells 
are able to produce insulin in vivo. Thus, the subject invention also 
concerns the use of the in vitro grown islets of the subject invention for 
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' implantation into a' ihanimalian species form vrvo treatment of IDD. 
r * The subject invention also greatly facilitates genetic engineering of 
i islet cells to resist:subsequent inimunoiQgiQal destruction; For example, the 
bultured islet cells can be transformed to express a protein or peptide which 
will inhibit or prevent the destructive immune process. Other useful 
proteins or peptides may be expressed. Jn additipn^ expression of specific 
autoantigens^ such as GAD^64 WD islet cell surface a^^ (see Payton et 
aL 1995)i or any other markers identified on the differentiated pancreatic 
cells; can be eliminatied by standard gene knock-out or selection procedures 
to produce differentiated pancreatic cells which are not or are lessi^ 
susceptible to auto-immune attack. Methods -for producing such mutant or 
laux:kvOut'celI:]ineS; aretwell :knovm te^ 
&homolog6us>recombinat3on method$^discl^ 
U;S. Patent No. 5;320,962; U,S. Patent No. 5342,,I6U^a^ 90/1 1354; 
WO 92/039L15; WG 93/04169; W0^95/ 1791 1^ all of 
incoi7x>rated;by.reference.^ In. addition,' 2|;uniyeisal do^ is produced 
by ineparing;a stem cell modifiedjisp^as npt tp expresS;hKman leukocyte 
antigen'^]EA):markm as^the cell:4^ 
structute (sec espck:ially WO:95/1.79J^ . = 

V v^Thus;.' the ability tO'growiunct^^^ in vitro firpm:the 

pancreatic cells of an individual represents a: major technical breakthrough 
aiid facilitates the use of new strategies for treating and smdying IDD. The 
discovery that piuripotent stem cells exist in adult pancreas circumvents 
(without excluding) the need to use fetal tissue as a source of cellsv 

The subject invention also concerns the islet cells pnxduced in vitro 
according' to the methods described herein> .l^iese cells are produced fi^om a 
manmialian pancreatic cell suspension cultured i/i yiYro and give rise to 
functional islet cellis and: islet-like tissue structures. 

10 
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= 'TKe subject invention further bohcems the in' vitro, growth. 
' prbpagatibii^and differehtiation of a pancreatic stem cell;: i.e.. a-prbgenitor 
cell or cellsVtKat'give rise to the fonnation of all of the different types of 
cells and tissiie thait make up a normal pancreas. Moreover, the subject 
: invehtiori concerns the 7/1 vivo use of in v//ro * grown pancreatic stem cells to 

' ^ pit>duce pahcreifi 

ftihciiohal; ihoiphological a^ histological* characteristics similar to those 
observed in a hbnhal pandreas. Thus,' the ability to produce a functional 

- "ectb^pihoreas" in vivd ftdm in vitro grown pancreatic cells can be used to 
treat, reverse or cure a wide variety of pancreatic diseases that are known to 
result in or from damage or destruction of the pancreas. 

Brief SMmmary of thg Figurgs-^ 
Figures 1 A through ID show cells grown according: to the 
procedures of the subject invention. 

Figure-Ziishows an islet like s according to the subject 

'•'■invention.*'' •■• \/ : ■■; ^ x . . 

-Figure 'SAthi^oiighSH'shoWsseiquential^^^ 
of an islet-^like striicture m'W 3Ai which shows a feiw cells after 

' several weeks in culture, which have survivecl and which begin to^ "bud" 
(Figiire 3B; dark stiucture iii top rig^thand of field); and divide (Figure 3C 
- several Ibcatibiis in field), and to form highly orgianized structures (Figures 
^3D^3H) under the culture conditions described herein. 

' Figure 4 ishbws photomicrographs of the structures shown, in Figures 
3G-3H, showing the hi^ly organized morphology thereof; 

Figiire 5 shows H/E staining of an islet-like structure cross-sections 
showing the highly organized morphology of the structure with p -cells in 
the center and glucagon-producing cells at the periphery. 
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Figure 6A through ,6F. shows a series of micrographs in which an 
islet-like stnicture^^ such as that shown in Figures 3H^ is harvested from a 
primary culture. In Figure 6Bv the structure has disintegrated, and most of 
the cells have died, but in Figure 6C a new structure develops. In Figure 
. 6D. several, new^stnictures . have formed. This- series of serial passage steps 
can be repeated a number of times until the IPSCs become depleted. In this 
event as the structure; disintegrates, as in Figure 6E, instead of new 
structiu^es being formed; the differentiated cells multiply, as shown in 
Figure 6F1 It is this type of proIiferatedHdifferentiated cell that is thought to 
have been produced by workers such as Goon e/ ai (sec WQ 94/23572, 

Figure 7 shows data from control and implant NOD mice after 
cessation of insuliivtherapy.^^^^^^^ ^ ; 

.Fignre 8 shows an ecto pancreas. 

Abbreviations and Definitions 
IPSCs are Islet Producing Stem Cells. IPSCs are a snoall population 
of ceUs<derived from ductal ■epitheliaLcells (i.e.,,thesfe cells are pancreas- 
derived but are not diffo-entiated islet cells) discpymd in fetal or adult 
pancreas which^. according, to this inyrati csq[)acity of giving rise 

tp islet-like structures inviira. yfhcn epithelial cells are implanted in 

vrVP« a pancreas-like strucmre is formed. When the pmGreas-like 
and ductal epithelial cells are implanted in a location other than the natural 
pancreatic location m v/vo^ the pancreas-like structure is referred to as an 
ecto-pancreas. 

Pluripotent pancreas stem cells are cells discovered Jn the pancreas 
which give rise to the IPSCs.; 

Mature islet cells are differentiated cells which arise from IPSCs and 
which produce pancreatic hormones. 
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Islet-like stnictures, or 'ybarigMislcts. arc hi^Iy-organized structures 
of cells^wliich we hjivc d^^ 

3H,' Figiir^ i+A^ brid '4B,^ lahrf cross-section showii in Figure 5): The 
stnicl^'res "bud" from foci foiihed by individual IPSCs after most of the 
celli; which are not IPSCs; which are placed into cultote from dissociated 
pmci^tic tissiife- Have aiedV Upoh inq>lan^<>n of the islet-like structure, 
filial differem^^ to produce fully inature islet cells. 

netailed D e?;^^ the Invention 

* ActoWihg to the Subject invention, functional Islets of Langerhans 
CM for the firet time be g^^ The iechniiques 'of the 

si^ which can produce msulin^^^ 

gliici^i^nr^ornat^ hbnnonesi. Other Useful proteins 

inf^ aiso^produced b>\ for DNA 
wi^i^h ehcc^ these functional cell 

cultures enal)les Ui^se'Skillea^m the art to carry out pxwediircis^which were 
'iwtVi^c^ly t>os^i^ the term islet-like 

'^stmctiife aii^ M beihgliitercha^^ 

feiets"; bwrn^ thfese m v//ra pi^uced stiw attributes 
' of isle^ ^>roduted V The inimature nature 

' of iOies^ stnictiircs p^its^ implantation m vivo with rapid final ^ 
differennatibn and vascularizjaUoii ehsui^ 

iepiacemrat to dam such 
as diai>etic^ ihamirials, in heed of such treatment- 

' • TTie method^b^ 

cellsV including stem'cell^; frbni the pancreas of a mammal: Preferably, the 
stem cells woiild b^ from the pan<^ However, 
it is also contemplated that islet producing stem cells, IPSCs, fxom 
mammals already showing clinical signs of diabetes, can be utilized with 

13 
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: theisubject invention.v^The jcell s^^^ standard 
, • techniques^ The cell suspension is.then cuUur^d in a nutrient medium that 
facilitates the groV(lh of:the IPS^^ 

compromising the:si^,tained growt cells 
other than IPSCs, Jn a prefOTed embc^^^ is one 

K which has a hi^ concentration of amino acids. One such medium is known 
as Click's EHAA medium and is well known and readily available to those 
skilled in the art (Peck and Bach, 1973, herein incorporated by reference for 
this purpose); uQther equiyaiem 

utilized by those skilled in the an. What is required for such media is that 
they have litde or no glucose (less than about 1 mM)^^^ 
than about 0^5%). TTic high amino acid concentratipi^ au-e pr^ of 
amino acids known tp be essent^^^^^^ cultured, 
and provide, a caitoa^^s 
; , rudimentaiy lipi<^ precurisor, preferably pyruyate, is provided. These 

ccmditions are sti^ do not 

/ suivivev Sinprisin^y^^^ to from 

pmcreatiq,ti»ue,witho^^^^ 3;y|qseks)cI|^S^ and 

. ; after extended cu^ ^^^l^Ksequent cuh^^ 

employ media siipplcmcnte<d w^ senim fn;»in the sa^^ of 

mammal fincmi which the islet celb ongiiiate.. Thus, in the case of mouse 
islets, the medium is supplemented with normal mouse serum, who-eas in 
the; case of humim islet . cells, the medium is supplemented with npmial 
human senim^^: The preparation of npn^ serum is, well known to those 
skilled in the artv The cpncentration of npirnal se used with the cell 
culture method of the subject invention can range from about 0,5% to about 
10%, but for mice is preferably about 1%. For human serum, a higher 
concentration is preferred, for example, about 5%. 
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"with horinii tlien iiiciibated under 

prtfin^BiyViii "W^ CO;v TTiis ihcubatioh^ period is, 

iOiiisC'came but utilizing standard procedures wielF kiiowri to those skilled in 
' the E&nng^ stkbnisirbr ductal epithelial ceU^ prolife^ and 

eistkBliiW si mbridla^ wili^bltiihateiy give rise td^^^^^ structures. 

■ *TTie ittMatibh of (iellulid' diffi^diii^^ be broii^t abiout by re-feeding 

ttie'eui'turcs^ 

s^nm suf disci^sed'abbVe. Rapid r^-fe^ihg was Touhd'tolhdtiCe extensive 
islet foci and islet-like structure formation with cUmsidmBle c^ 
" ' difim^a^^ We Imvfe fbitffiJ^ffiai^iSBllU further 
eiihanj:e^ by iiilcilk^ion bif rel^^^ hie^i t6ncen^U<ni& of giiicose' (about 
10-25 mM'ahci preferably f6:7 i^^ m the' itPfeed mediiur^. Ih addition, it 
' " is'^coniemplat^^ of a numbfer bf bt^ 

but not limited to, factors which up-regulate the Reg gmci such* as' 
' ^ hepatbcyie'^ ifdctoi-l'ahd bOi^r de^^^^ such as 

'if«uiin-]ike- factoK epiciem^^t'jg^^ kcratinbcj^ie g^^ 

Ifaicton fibrbbla^^ 

'nioiiul^^^ grbwrii and dii^^ to &e cultures to 

bptiinize arid cbnirdl prbw^^ cJifferentiatibh of the IPSCs ' 

" enip^ vmbus fecyr^^^^ different 

' stagiest at dififi^ent seedinjg <imsities slhd at difrerenttim(^£^ seeding in 
the course of IPSC'dififero^^^ addition, 
'Yactbi^ producei^^ which 
kugmeht growtH can be isolated! sequencb^.' c produce^d in mass 

" quianthies, and added to IPSiC cultiires to jfabilitaie growth iahd ' ^'^ ' 
differentiation of those cultures. The relevant fattbifs are identified by 
concentrating IPSC culture superhates from early, intermediate and late 
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5 . , . . .rStages of diflfe testing for the abiHty of these concentrates to 

au^nent IPSC grovvth and differentiation. Positive effects, are cprreiated 
yyith molecular constituents Jn tf^e.popc(enttsKtes by twojiimisns^^^^^ gel 
: ; electrophoresis of positive and ne^^^ supernates, purification N- 
terminal sequencing of SRpts pi^!?ni pn in the positive rapcentrat^^ and 
10 subsequent cloningiand expression of the gmes enpodmg these factors. 

Upon histological exarninatipn of 
at least three distinct cell types identifiable ^d appesued similar to 
islet cells prepared from islets, of control mice, ^The time required .for cell 
, differentiation to occur within these foci decreased as the frequency of re- 
15 feeding increased. , 

. : W.e haveijeen able,^^^^ islet-producm cultures 

throueh the serial transfer of islet-derived stromal cells plus islet foci to new 
. culture flasks. This facilitates generating suffici^pt numb^ns of islets as 
, fc^uired^fonus? m hcreiiv for ^xamjple,^ f^^^ the 

20 inet9lH>Uc.pi^ 

' , IniQNndor, tadetermine^ykf))eth^^^^ islet-like stra islet 

, . JDD«.the, isletrlike structures .were innplanted into NOp mice. Mice that 
received Ihc islet iniplants, cjihib^ 
25 diabetes,: whcr^ 9^.?'?^?^^^^^^^ 

.^^ : adcUtion^iiip auto 

i . the iniplsuite. Jlius, ^^^^ invention can be used in 

vjrva to treat diabetes in manunals, including.humans. 
; , In a preferred ernbodinient ,of the subject invention, the progression 
30 of diabetes can be slowed or halted by re-implantation of autologous islets 

engineered to be resistant to specific factors involved in the immunological 
attack. For example, the islets can be engineiered so that they are resistant to 
cytotoxic T cells (see. for example. Durinovic et ai, 1994, identifying islet 
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' spefcifie T-bells arid T^ell feteptof sequences which are similar to insulitis- 
inducing T-ceilis of'Walietic mice; Eliajs and Cohen, 1994^ identifying 
pqitide sequences^^^m in diabetes therapy in NOD mice by ituming-off 
' p^bdufctibn of sp^^^ Conrad etalu 1994, 

describing a membra&^'^bduriidi islet cells supierantigen which triggers 
prolifmitibh'bf islk^inffl describing 
the reqiiiremcnt 6^ of B7-1 and TNFa for diabetes and islet 

' cbll 'desfi^ctioh; aily of these antigens may be eiiitiinated according :to 
^ kno"^ methb^^ tlie iresistanccf of the implanted islets against 

immunblogic at&ck);^^T^^ oC^hole islets 

cm'aiki be iis^ in ihVestigatibfas' into the pathog 
the beiiuiar' fisc^gnil^on of pcells»^ the mode of islet infil^^ the 
"immuxi^ niMhahisms of p'delt diestm this technology 

facilitates isl^i^ and /G 

deviao^m^tbfirafic 

strucnlires accdniini to the procedures oP^^^ invehfiofi hai^' great 

Utillijr ffi'teachii^^^ understanding of important 

' aq;)^(M^fatm]^ difteiimtiation and & : j xv 

i ; t : = > 4iir a^fi^^er -of the subject' invention, pluripQtent 

pahci^c'siSem^c^ risfeftalSPGsi have bfeen^pxwn^ 

firbm panciW^ ^cells' isolatecl^ from a'miamm^ suiprising^discovery using 

%es^ /« v/zro thc'methods of the-subject 

invditibn^ was the ability to^grow and produce,' in vivo; an organ that 
eidiibited fimctiora^ and histological features and: ^ 

characteristics similar tb a includingxelhdifferentiation, to 

form endocrine arid exocrine tisi^ *The ecto^pancreasV (a pancreas-like 
organ simated at an abri body cavity), produced in vivo 

according to the subject invention, represents a major scientific discovery 
and provides a novel nleans fbr studying, treating, reversing or curing a 
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r number^ of pancreas-associatecl pathpgeiiic conditions including; hut not 
limited to; psuicreatitis, pancreatic cancer and IPP.. This is accpmpltshed by 
: removal of the disdEised tissue and jmpliuitatipn 
^produced according to thisinventioniiv l^^ 
can be implanted into the natural pancreatic s 
. Because thiis inyention.prpy ides a. me^^ 
stem cells and production of young islets in vitrp^ study of th^ growth and 
differentiation of this cell-type isnpw possible. Accordingly, all of die 

^ -Imown lnethods'of cellxulture^^^ 

brought to bear on the significant questions regarding how may types of 
cells are involved in pancreatic cell difFerentiation. These methods include* 

> but are not limited to, fluorescence activated cell; so (I^i^GS), magnetic 
bead usage (as inv forexample; the use of the cpmm^^ available 
DYNA BEADS- which are specifically ad^^ of 

^ magnetically stabilized fluidized 

: 5,409,8 13)ir and any of a number pf pthCT.meth in the ait. The 

pathivays for this,^ process is now^^^a^ 

markers (including cell-siirface> tnlrac jnrqtein p^^ to 

eveiy stage of this process^iare ^sp npW: r^dily identifiable.fhrough 
' applicaUpn pf standard teciuiiques inclMding^ buft not limited .tp: . production 
of antibbdies;;including;monocIonal antil^ tp <^lls,. (^11 surf^^ 
i maiicers, aiidxellular componentSfWhich differ throughput the process of 
pancreatic stem cell maturation; prpdiii^pn of Triynipbpcytes, w 
specifically respond to antigens exp|essed.by the panoreatic cells at 
diflmntistagesinrthefmaturationiW^^ 

example, Wegmann et al.^ 1 993); identification and elinaination of cell 
surface markers recognized by T-cel Is and which, therefore, result in 
difieientiated p-cell destruction if present (see references above); 
identification of factors significant in bringing about the different stages of 
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5 » ^ ^ ihanfration and the differed produced by .the differentiating cells^ 

subtractive hybridization of nucleic acids isolated from cells at different 
stages ih'the' maturation process; enabling pinpointing of gene, products 
significant to each aspect of the cellular. diffCTcntiaiion; differentiated 
displky P€R'(see, Liang cro/i^:^ arbitrarily primed. PGR (see, Welsh et 

10 :i992);f^^^ 

• Lisits>Ti, 1993)Vehcapsula^^ progcnitorcells or 

populations thcrcbf for' implant^^^ in appropriate host -organisms,? thereby 
providing advantages that such methods have demonstrated: in implantation 
• of Other tjiies^^^ (sieevrAltman a/., 1994); 

15 geridic engirieeririg of the progenitor cells to produce cells less 

susc^ptibleUo^ autoii^ 
- ' gendsi^OTysertS 

inserted ihto the iPSCs include^those whichiprovide alteredcelluliar surface 
' totigens or which^ provide different biochemical properties to the internal 
20 miliwbfthe cells^thesie includi^'^^ 

^ iriciease^bFde<n^fethfe sensit^ 
- ihcr^e or decrease 
^ additiohrgene^^^ 

glucagon brsbmatWtati may alsb be introduced; example of how these 
25 types of modifications can be introduced into the IPSCs include . - 

clwtroporatibri; vihi^^v^ctore^^^ transfection or any of a numherof other 
: • -mcaiods wdl Known in the art (see; for example, WO 95/1791 1; WO 
' 93/04169; WO 92/03917; WO 90/1 1354; U S: Patent No; 5^86^632; WO 
93/22443; WO 94/12650; or WO 93/09222; all of which are incorporated by 
30 ^ referrace for this purpbse)rp cells 

which, for exampleV^ 

antigens (see, WO 95/17911, *i<pra): Because this process does not depend 
on the use of fetal tissue, it is possible to remove pancreatic tissue fipom a 
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5 immiiial at risk of suffering :frpm IDD, grpw;an isiet- 

' like sttuc&re'f/i vrvo arid reMmplant that structure into the individual to 

- produce physiologically relevant amounts of insulin: in response .tp^ 
fluctiiations irt blood gliic^ ^ . . 

: Ih-View-oftheiforegbing disclosure and. the exemplaiy , support which 
10 fbllowsrit should be^ scope of the; appended claims 

extends to the various embodfinents and aspects of this inyention.which 
those skilled in the art will recogniz^^^ 
-^invention: ^ / ^ .'i : :^:>r' u -^.r:^^.- 

It will also be reco^ized that data presented herein reveal that in 
IS vi/ro nefogenesis of islets from isolated pluripotent steni/progenitor cells is 

- pidssible; but involves'several^distinct phases pf grp>vth,: including: 1 ) 
i--'-'' Establishment of a stitwnaJ 

cells which'parmite of lESGs; 2) Inductipnof ..^^^ 

^ s^ ceUiproliferation ^with specifiQ cu conditions which 

20 promote -cyclical regeneration ofiPSCs.^ wdvaLso prevent^ prenrature , 

' differentiation of :<die IPSG; 3) E?9^ P and 

6 cellis/^ ^Thisistept lis dictated by thejculture- enyiroiun as diffeirences in 
culture hiitrients'andf growth factors resultv islete cpntaming different 
percdntages; of :the various islet ceU; Identificatipn of in vitrp 
25 conditions which induce the p. cell to itstfinal maturatipn stage, i.e., 

foiihatioh of insiilinrcontaining grapule^ resppnsiyenf ss can 

also now be iachievedr: A factor present m vivo which achieves this final 
' diffcnrehtiatioh is identified: by addition of cellular extracts or growth factors 
to the IPSC Cultures. : T ^ ' v ^ 
30 We have maintained primary IPSG cultures for up to 1 0 months and 

seccmdaiy cultures an additional 14-16'months each capable of expansion 
and differentiation to form islet-like structures^ While the ability to grow 
functioning islets from prediabetic adults represents a major technical 
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5 ' br«^thr6ugh aHd fiScifees-attcM^ ri^jw-^trategies for attaining a 

cure'fof iDorperhaps tht iinj^cMtaht aspect of this work is the 
• ' dcnibi^Boff tKarpli^^ which can give rise to 

' IPSds md p^ci^-like^troc^ the islets of 

both noniwi yii^^ ThisTihding will eliminate the need to 

10 ' ' ii^eilHer ie^; aiog^ for transplantkicni t)f p cells 

into IDD pkimisi to develop ridvel strategies to reverse hypoglycemia in 
vh>o; stiidy iirimiirioldpcifid'rei^ to newly implanted islets;? and/or 
' ^ cteate iisleS-ra ^ : ^ 

; - . 4 ii^ tempting to speculate, based dh the data presented herein, that 
15 ^ the well^dbciiimcntcd IDDpatieiiti^ following 

iu: ' ^^^et^of^i^£^e%ug^ 
: 0 v:.:: ]nduc^;'orii>^fe be^bse^ ovenWielnwId biy the on-going^ 

autoiinmrae YtaacHohl^ of aiitologdus' islets is thought 

to require i^ils engjhWered to bt^^^^ imhiunol6gical>attack, 
20 idOTtificatibri diid stem cells jas disclosed herein is^eissential 

for tlie^l^ietic ehgirteennjg ^fte^ abc)v5ei 1 b . ir^rrn ^ 

" 'Si^niin^ islet implmts-bf this invention 

showedno^^^^ here. 
'It is possible tliat -tKe-autoantii^^^ not- expressed on cultured tells, or 

25 • tluUthe'autoaht 

' nik^ induce penpKeral tblerM 

avmlat^ility o^ long-terni cultiiS^ facilitates iiiveistigaticHis 

iritoHhe pathbgenes;^ of IDbrihcliidirig the cellular recognition of p cells, 
^ the mode of Isle^^ iihmune mechanisms' of p cell 

30 destruction; ' Furthermore,' this technology facilitates islet trainsplantation^ 

autoibgbiiiii i^let replicemehV devielopment of Artificial islets and- teduces the 
need for insulin theirapy. 
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5 - Accordingly, this invention provide 

of islet producing stem cells. IPSCs, to produce an islet-like structure. The 
method comprises cultuira^ 

basal Tiutrientmcdimnsfupplemented wi)th nprm^l s^nim at below-aix>ut 
0;S% and glucose at belpw about ,1 mM- aUq^injg the IPSq? ?p^^^ for at 

10 least abom S^weeks; and initiating cell^^^ 

cells by ,rc-fceding the IPSCs in culture with a nutrient mediiun, 
supplemented with normal scrum ?t about 0.5^ and glucose at about 2.5 
mM- 1 0 mM. The pancreatic cells may be from any maminal, Jncluding 
humans and mice, and the serum is, from the same species. The medium 

15 preferably contains all of the amino acids essential to growth of cells from 

the species being cultured andin such quantity a^ to the culture 

does notbcQomc depleted.^ yppn re^ 

contains glucose and serum in sufficient quantW to stirnuIiEite 
diffeTOTtpatipniv Furthcrinore^ 

20 hasibeguni the cells ar? preferably re-fed frequently (ab^^ pesr week). 

This method prcxlucesf islet ceils and. islet-like U^siip stryctims. 

, . . ,v Thfe mcthod a^^^ 
including, but not limited tp. insulin, glucagon and ^omatpstajtin, which can 
berecpyered frpm^ttic IPSC cultp pm dircqtly 

25 released jinto a mammal by inq:>lmtation of the islet-likc; strucuir<e^ into the 

:tissue,pf anumomal to produce a pancreasrliHc structure^., Sucfai implantation 
provides a method for treating pmcxeati.c dbease m a. mmnmBl, by 
implanting an islet*Uke structure tp,prpduce. a p^creasrlik^ of gan in the 
mammal; In. one embodiment, the; islet cells or Islet-like smicture of this 

30 invention is genetically modified so as.to not produce IDD autoantigens or 

HLA markers such that it docs notexpress insulin dependent diabetes 
associated autoantigens. other than insulin, or which has been modified so 
that it does not express human leukocyte antigens, as said stem cell 
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diffCTchnatiBs'iht^ the pancreatic 

stem cell may be enc2q)suiated in ah insiilirt; glucagon, somatostatin and 
otbor pancreas prodiiced^f^^ provided is a 

method for analyzing the difrerentiatioh of pancreatic stem cells which 
comprises cultUri vrvo*- and inducing 

skid at least one stem to tkig^^ into a pancreas-iikb structure. 

This method alsd permits identification of mRNA or protein diarlcers 
specific to a pluraliQr of diffe^ht stages in the differentiation process. The 
protein markers may be expressed on the cell-surface, be secrdied;' or they 
nuiy be intracellular. In another aspect of this invention a ligand binding 
molecule and a ihe^ for making ai ligand-binding inoledule which 
selectively binds to pancreatic stem cells or to more difiTerentiatcki^ 
pmcrc^tic ceUs is pttivide^ The niethckl cbihprises contacting a naive B- 
lyinfiiii^ 

^ elilturiiig-and: exp to obtain a 

:p<q>ulati6h of (^Ils which produc^^eligahd-^bindihg'm These 
ligand-binding molecules' fhiis provide a 

stem^'ceU^'br piai^^^^ any stage between that 

of a pahcreiatic stem^ and a fblly differdiittated' pancreatic c^^ 
method compnsesPseliecting the cell frdni^ar}k>pulati6n of cells comprising 
the €:ell>'which a spi^cific ligahd-binding molecule which binds- 1<> a protein 
maoicer express^^ thecell at'a giveh istate'bf^ii^^ 
Altmiaiiyely, the method compris;es selecting and removing other cells 
froni'a population bf cells comprising the cell with a specific ligand binding 
molecule vi^hich binds to a protein irrisu^ker absent on the siirface of the cell. 
In yet another aspect; this irivention provides a method for treating a 
mammal stifferirig frbni; or at risk of IDD^ which comprises: 
a. removing pancreatic tissue from the manuiial; 



23 



wo 97/15310. 



PCrAJS9^]6952 



b. ,1 - culturing pluripotent pancreatic cells present in the pancreatic 
tissue imvitro io generate islet-like structures; and 
implmtuig saidi 
p In a further asprctof this inventip 
modified so as not tQ express insulu 

either the; undifiTerentiate^^ of die JPSC* 

v Preferably^-the. autoantigen whichiis not expressed as a result of the 
modification is selected ^from G AD« 64^:kP; islet/ cell ;antigen^ and .ML A 
........ r- inarkers;^ --vvv-., . :r --.r,.,-»>^ V'--:^>. 

M As part of the method of this invention, a method for in vitro 
neogenesis of islets from pliiripotent stem or progenitor cells is provided 
with:ComiMises:::.;;ri -a-:., in ..-^ ^r.-j7:--?>ii^i ^..i /^.v^;,:,.,- 
. I., a. : : establishing a stroim 
: pancreaticvcpithelial cells which permite the generation^ 
, , : b. f inducing stcnVprogm^ 

conditicms which' promote cyclical, regeneration of IPSCs 2aid alsq.prevent 

immature 4ifici^^ < - 

: ; ::i..Cy exp^dingvand difi^^ 

like stracmire cpmpris^^ an4 5, ceUs.; Preferably,. the 
; islet-like structure is charactenzjMl; by^ lsurge, differentia^ stain 
<-. with insulin-specific stains in the^ center of the; islet-like .structure;, small 

differentiated^ cells which stain, with^glucagpn-specific stain at die peripheiy ; 

andproUferating and .undiff^^ notstain ;With any of 

'Aeradpcrm^^^^ 

; further characterized.: in that, upon breaking the structure into single cell 
suspensions by mechanical or other m.eans^in the presence of a proteolytic 
enzyme and subsequent staining of individual cells, individual cell 
populations which stain either with glucagon-specific stain (a cells), 
insulin-specific stain (p cells) or somatostatin-specific stain (5 cells) are 
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5 observed. The method "of vi/ro iieogeri^is of islets according to:this 

J iii[ventioh prefimbly c fjr : - .w;? 

V a. • ^ ^t^^dispming and leaving undisturbed^pah in a 

mininiial culture' medium coinprising little or no glucoise. serum at a 
concehtratibh below about 0;S%i essential amino acids for the cells of the 
10 ' - ' ' species fix)hi' Which the 

until abdid 99%' biF the cells in skid culture Have diied (Phase>I); ^ - 
. />; ^/ b ^ re--feedihgthei culture of step <a> with the' minimal mediimi 
siippleinOTted w (but 
- les^ thari a toxic'ambtmt) and re*feeding about once a week until rapid 
15 ' prolifcritidft^daau^;^ H-r::.-'^ > 'i:..- -.r-ir^^^Mf 

Lons^cv^ iijnre-feedihg'the'aLidt^ 

20 ? ii ^ e: rwciv : o> , 

; ^ This process i^^^ 

^ epithbli^l cells plus'^Iy^sta^' p^ culture 
- Mife -^''^^-^--^^'-^-^ ^ • -^--^ - - - -^^--^ ' 

r • As iiieli ifi^^^^ refex^ to the ihaihtehance of the 

25 'V j^i a living stiateV iahrf may include/but is not limited tb,» the propagation 

and/br diiffereritiation of th^^ terih'"propagation?* refers to an 

'increase in the nmnbdr of cells present in a culture- as' a result of cell 

division.' •'" ^ ■ ' ^ ' ' ••■•^■-^ ^r-^ry;-- -y- r.u:r:t- i-^; -..v. ■. ■ 

. ; ^ V' •: ^Fbllowhg are examp^ illustrate pfbcedures; including the 

30 be^t niodeV for practicing the invehtiofiv These examples should not be 

• const^ed as limiting/ Ail percehtaLges 
proportions are by volume unless otherwise ho 
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r Example 1- Culturing of Functional Islets of Lan^erhan?; 

Single cell suspensions of islet cel)sr were; ptepared from wh^^^ islets 

i : isloliaited 'from' the pancreas :of 1 9r20: week; old prediabetic male NOD/UF 
mice; as detailed elsewhere?(Shjeh e/:a/A 1993). Typically, abput25% of 
thc male mice in a NOD cplonyiAyUlhave oyerti^ will 
have severe: insulitisi^ The islet cells;5weie :re-;suspen 

or glucoscrfiee Click's EHAA medium (Peck and Bach, 1973^ supra; Peck 
and Click; 1973) supplemented with normal mpiise serum (NMS) to 0.25%, 
plat^d^in a 25 cm^ tissue culture flask; and incubated at 37''C COj 
atmosphere. At this stage, two outcomes are pp$ fii^^ the islet- 
infiltrating ceils may dominate, thus permitting the establishment of 
r imniunercellrlihes, or second,, ductaljepitheli^ referred to a 

stromal- cells in:these^,cultures) M?y;. dp M^M^r^llpwing the growth of a 

"nurse cell** monolayer: Growth of strpmal-like cell m 
to result when isiet-infrltrating cells were plated simultaneously but in 
limited numbers. Enrichment of the^isletvcells w^ 

infiltratiiig-^lls ican be' achieyedNby .gn^ (J^pe et aL, 1 99 1 , 

sj^gy^^Th^yvs^ majcMjty (^^^^Xpf.^^^^^ 4ming,this 
incubation period, leaving a small number of epithelial-like Cjclls. attached to 
the :Cultijn;e. .dish (Figures,! A smd 3 ,3trpnml cpn cultures, when 

left undistuFbed-fcnr 4-^5 \yeeks (Le., no ^re-feeding) prplifei^ed tO: cover the 
entire bottom sur&ce of the cultu^ (Figures 3C anjd'SD). : . 

i: I>ifirerentiatiQn:wd endoc^ 
was initiated by re-feeding the cultures with Click's EHAA medium 
supplemented: with NMS and a sugar, splutioa comprising gl^ or 
sucrose or other sugar equivalents.v Typically, the sugar is glucose. The 
concentration of glucose can be-between about 0.25 mM to about 1 0 mM, 
but typically is about 2.5 mM. Normal NOD or NMS serum at about 0. 5% 
is also preferably included. Techniques for re- feeding cell cultures in vitro 
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' are well khown'in the from about 50% to 

ibout 9d% bf the old ni^^^^ 

culture flask. Rapid re- feeding induced ihe'fdnhation of increasing 
niimBers of 'centers of islet growth (referred to hmin as foci) exhibiting cell 
difTeremiatibm The rate bf re-feedihg can be, for example, at about one 
\sr6tk intervals. Kefeirably, thie rate of re*feedihg is at about S to 6 day 
intervals? Sniail rounded cells appeared on top ofthe epithelial monolayers, 
almost as if l>y budding (Figures^ IB and 3D, Stage U)i 
' ■ * ' 'i ' '^l^t pbak'produbtion;^^^^^ 
in a sihjgie 25 crh^ (4 in-) tiss^ Each individual rourided cell 

underwent rapid'pi'bliferatib^ forming) cell clusters 

(Fi jgure ' i C).^ Rapid- re-feedihjg^ iriduded increasihg numbers of cell clusters 
as WeiPas' ihc^ Induction of islet- 

iikie'sfiUyturra'C^^ 

EHiAS^ meSmm siii>p (0.5%) and high 

levels of glucose (10 mM-25 mM and preferably about 16.7 mM glucose - 
See Figure ID and 3E-3F):- As^'^tUe^elitf^Iife^ 
' " iSlet took plMC Md thi^^ even 

appeared to sliTO itsdf AVitK^a capsuljfr mi^ islets (Stage 

' " IV) app^^eid' as smooth ^pHerbids composed of tightly clustered cells 

(Figure 3F-3H). This' dliTerentiatibn to- be ehhaiiced wfadri serum 

from NOD mice is strairis of mice, and 

higher levbls bf insuJin-like gro factor 
iEGF) and/or hfepatocyte growth fafctor (HGF) in the NOD mouse serum are 
believed io be responsible fbr this effect: The islets generally grew to a 
constant size (about 1 00^ 150 ]i; Figure 2, although fusion of two clusters 
resulted in islets about twice the- general siM^^ 

stromal layisfs to float in the niedium. these free-floating islets tended to 
break down within 48-72 hours, similar to what is observed when pancreatic 
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5 i . islets are isolated from in vivo sources and, then cu similar 

. ' conditions;; Serial: rounds of this process may then: be conduced .(^ee Figure 

6Ar6D arid ExampleiS below)- 
17 The isietrlikestnictuies, collected: after na^^^ 

removal from the stromal layers iusing a Pasteur pipette, ,>yere.g^mly washed 
10 :d in medium;^ then broken into single, cell suspensions by. refliufc pipetting. 

Single cell suspensions were prepared by cytpcentrifugation, then stained 
for general morphology suid insulin production^. >Xhe foci contained cells 
-picducingthe endocrine hormones.glupagon (ft ce cells) 
and/or somatostatin (5 ceUs)^ :F^^tbermo^e, thcf major popjiilation of cells 
15 stained positive with anti-insulin antibody, indicating the majorr cell type 

. coirtained in the cultured isley^ p,celL,^igures lA 

through ID show the various celLtypes w^ 

process. Figure 2 shows a well-develpped islet pbtained after the in vitro 
culture of cells according to the m^ 



Fvample!? - rulturinp of Human Islet Cells i . 
; V \: ' FprKCultiuing^hui^^ islet cells^.a^pn^ 
^ iaExmple ;1 was.util^ the; subjeqtinveii^ipn is 

i paiticular)y^ady2mUigepiis, |^^ necessfuy tpjutil cells to 

2S : initiate the cell culture. ; In a^pre^ 

suspended in GUck's EHAA medium therpoO^ 
; ■ siipplraiMted iwUi normal h tthe.concmtration of 

normal.:human serum used in the mecUum is,abput0.2S% -l%iin phases I 
andil, respecliyely^ andi S% dim :subsequent phasfes.; The , cultures should 
30 be left undisturbed with no rerfeeding, preferably for seiyeral weelcs (Phase 

I). After about 4-5 weeks in culture, cell difTerentia.tion can b^. initiated by 
re-feeding the cultures with Click's EHAA medium supplemented, with 
normal human serum and glucose as described in Example 1 . Islet-like 
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Structures COT subseque^^ be collected and single cell suspensions 
' jjr^^eid for fi^^ 1- ' 

Fvample % - Implanfatinn of //i Ki7ri9 Grown Islet Cclls 

To test the efficacy bf these />i v//ro genOTted.,fe to 
reverie complications of IDD,^ approximately 4 50-200 foci plus some 
strbxhiai-cells grovm inWiiro according to the method of the subject . 
invehtibh fit>y jianc^ of NOD mice were dislodged : from the 

tissfi^'ciilture^ fl^k by r^flux pipetting^^^^ then implanted 

- beneath flie- kidney capsule of syngeneic diabetic NOD. mice maintained by 
'- cfiuly insulin' ihjectira accomplished. by puncturing the 

' 'kidney c^sule within needlev threading a thih: capillary tube 

' through the purictiirc: site into the kidney^: andTinjecting the islet foci directly 
' into tlic? cortex region: The capillary 'tube was carefully withdrawn and the 
j^unctiupe kite'cauterizbd; ' The 'siurgical' inctsion.of each implanted mouse 
- 'wlLS^cl4mj^ skin^sbbwedsigns^ofhealingj^The implanted mice 

-vi^'in&in&ihed-oh in^^ 4:days-atthe full daily dosage, and 

• tKOT'Tdr 2 liaj^ if 

completely weaned from fu^ insulin treatment. ControLanimals 
consisted of diabetic NOD mice that did not receive an implant. 

Within 8-14 day^ after wea^ control ;ISIOD mice 

' ' ■ shbw£d'a rapid 6in!s^ overt disease, inbluding lethargy; dyspnea, weight 
^> loss; increased blood glucbseifeVels (400-800.mg/dl), wasting syndrome^ 
failuire of wound healing aiid death within: 18-28 days (Figure 7).? Implanted 
NC)l3 mice ihaintained a blobd glucose^ level of about 1 80-220- mg/dl (which 
is slightly about- the rionnatr^^ for mice), shovved increased activity, 
r^id'heaiirig of surgical and blood-draw sites; did not develop dyspnea, and 
remained healthy until killed 55 days post-implant for histological studies 
(Figure 7). iSimilar observations have been seen with intra-splenic implants. 

29 



wo 97/15310 



PCraJS^6/E16952 



5 These data are consistent - with? the) concept that jhe implanted in yiyp- 

generated islets providie the necessary insulin to maintain stably bipod 
glucose levels over the time course of the experiment. 

F vample 4 v 7ni Vivn Proirt^igti nn of Ecto^Pancreas 
10 iiir Histological cxaminatio 

implanted With the islet cells ^ described in Example 3 i^evealed ah 

additional characteristic of the iw viYrP^^^ cells. 

ImplantediccUs^which vte^ site pf the, Iddne^^^ 

underwent additional proliferation and differentiation and fomed a^hig^ 
15 structured ect<^pancreas. At firsU the ecto-pancreatic tissue consisted 

= entirely of proliferating exocrine cells ^whicho^gmized4 

pancreas complete with innervating blood vessels. This exocrine pancreas 
n progressed to fbnn islet-like endocrine sUoictures^C the 

in v/rro cell cultures produced according to the metfipds of the siibject 
20 ^ invcmipn contain^pluripoienrpancrcM cells capable of regenerating a 

ccmiplctely ncwfpancreasi; The groyrthvof a pancneas cpm^^ 

exocrine mdendocrineftissuc^proyidesnew^^^^ 

pancreatic diseases; including ^pancreatitis and panojeatiecancer.. 

IT I^g tcrai:!^ 1 ye«) of thelPSCs through 

serial transfers of small numbers of ttie epith^U^^^ 

stage, proliferating islet-likeisnruclures to new culture: flasks. Gells^from a 
single 25 cm? tissue culturerflasfc ha^vCi been expanded supcessfully^to 5-10 
30 1 50 cm? tissue culture flasks^ t Interestingly v serial transfer unifo 

resulted in the islet structuresv?'meltingT away, similar tp thedetached islet- 
like structures, while new stromal monolayers formed (Figure 6Ar^B). 
However, serially transferred cultures produced new islets far sooner than 
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5 primaty dultures in higHer number (as many as 200-250 structures per 

iquare inch of 

roiin^'of^enar^^ a point is 

gOT^railj/r^hedwBereaft^ 
diffCTCTtiatea cais p^^^ 
10 6ccOT,mt^^ 

pancreatic tissu^ is girowh' in-priniaiy culture under cbndit^^^^ do not 

kill most of the differentiated cells. 

Example 6 - A nalysis of I^lfff-T iWi^ Structures i v. , 
15 ' phcitbmii^bgi^hi^^^ 

isiet-iike^sinicmre^ sectiOT^ thfereof (shown* in Figure' 4^ larid 5; 
re^l>^1jiveiyya^^ 

diMrati^^cSd c^i^^ ai« b&civcd in the islet 

were 

20 ""•s^gjSreft^Wtliep 

riiitai5feiW^ of Ac 

' '^docime 

' "diei^mihe'i^ phraotypes prcsenr within in vitro 

25 froiri tht ^itHelial monolayers;; gently 'washed in mediumVtheh l>r6ken into 

single cell suspensi on^ by WecKm as reflux "pipetting in the 

presence of a proteolytic enzyme such as 0.25% trypsin. Slides of single 

^ ^^^'morphology b 

30 and immature cell types i^^^ observed following H/E staining. Furthermore, 

individual ceil^pbpu^ 

irisiirin CP cells) or anti- cells) antibodies, indicating the 

pliiripotmt nature of the stem/prbgenitor cells giving rise to thie islet-like 
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5 : . Structures. These observations emphaisize two points: , first, the weak 
staining for;CTdocrine honnones sugge^^^ 

islets remain relatiyeiy immature, and th«;efpre capable of further 
differentiation upon /« vrvo intiplantation, and second, tfie fact ?h^t > 100% 
pfthe cells could be accounted for by endocrine; hormone staining ^mdicates 
10 ^ that some cells must^wcpr^ both glucagon and m^^ simultaneously, as 
reported recently by Teitelman e/ a/. (Teitelman et a/., 1993, sjipra). 

Fxample 7 - T imiting Dilut mn of Pancreatic Cells - Cloning of Single 
Pancreatic Stem Cells 

15 Acceding to the methods described abpye, pmicreatic tissue is 

disposed in a culture mediym, .To folate Jsipgle sj^m 
production of differentiated pancreatic ceils,.th^ ciispcrsed p^crratic cells 
are subjected to limit dilution according to methods weU knp\wi i^ art. 
Thus, for example, serial ten-fold dilutions are cpnduc^ after an initial 

20 evaluation of the nuinbCT,pf cd in the dispersed san^ that the 

fimd^dilutioniyicldsvatthem 

CM- lother cpnUuner suitable for this^typ^ of dil|Jli^ Thereafter, 
the cells arc allowed to remain und^turb^e^^ Ipci begin to develop. 
- .These, fpclare arisen frqin a single pluripotent stem 

25 cell or IPSC and which cam ea^cA be culmred to yiefd an is^^^ structure 

fOT implantotion to fonm apm . 

Example 8 > frigntificatio tt^f Markers Associated with Different Stages of 
Pancreatic Stmn Cell Piff c rffmi^tinn. and Producrion of I.igand Binding 
30 Moiecules Sp >Hfic tn Kach S?^g<^ nf Differentiation 

Foci of isolated stem cells produced according to Ex^ple 7 or by an 
analogous method are analyzed both prior to and after induction of 
differentiation according to Example 1 or by a similar method. The cells at 
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5 each istage; from stem cell to fiilly committed di fTerentiated pancreatic cells, 

are analyzed as follows: - 

A. Nucleic Acid : At each stiage of differentiationi including 
the undifferen^isited progenitor cells and the fully, differentiated pancreatic 
cellsv itilWA is isolated. Th^^ RNA is used to miake cDNA according to 

10 stahdknl^ihethbds khoi^ in the art (Maniatis'^r^aA; 1982) including, but not 

- limited to; PCR dependent amplification methods using universal. primers, 
such as poly A. Each amplification represents a library of messagiei- 
e3qpressed ^t each'stageV>f pancreatic stem Accordingly, 
message hbt present in stcrii cells biit present in fully difTerentiated 

15 pancreatic cells is identified by hybridizing the cDNA- from each stage and 

isolating messkgis t^^ Likewise; niethods such as 

differentiated display PCR.^ arbitrarily primed PCR or RDA^PCR (see 
' iaibbve) may be used. In this manner,' message unique to each stage is 
identifiW^by suiStiactioff 

20 differciitiatioh.- Also,* by this iini^th6d;>:g^e prbdiidts at -each stage of the 

difiermttatioii^ encoded by 

the subtracted'm^sageV^ Antibodies;' including mohcM^lbhal antibodies, are 
then produced by tisihg these'gene prbducts^^ i^ according to 

iiieth^ds wtll-kriown i the ait (see; Godihg,! JiW;, -1 986)i<Theseantibodies 

25 are subsequratly used to isolate^cells firbm any given stage of differentiation 

based'^oriaffi^^ 

• cell: III addition, identificaitiori of specific markers' which are expressed on 
the surface of the differentiated pancreatic cells allows productionof knock- 
-out lines of pancreatic cells by site-directed^muUigenesis using the identified 
30 sequences to direct mutations in ^tem cells according.to. methods such as 

thbse disclosed in U.S. Patlbnt Nol 5,286.632, :ywpra; U.S. Patent No. 
5,320,962; U S: Patent No. 5,342,761; and in WO 90/1 1354; WO 92/03917; 
WO 93/04169; and WO 95/1791 1. Selection of mutant cells which do not 
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5 ' : produce the knockedrout gene product iS;accomp!ished usine the antibodies 
to the specific gene product selected against to provide clones of cells in 
: / which that prbdiictas absents .[o'^::, ^o:^!-^:.:.. 

B. ; a : Protein Markers -r . At each sjtage pfdifrerentiation, including 
the undifTerentiatedprogenitor cells and the fully differentiated pancreatic 
10 cells; antibodies afe.generatednp whole ceU 

according to standard methods known in the art^r As specific examples of 

this-process: -/ r «. . r ■■ ^ • -'. i;. 

a:^r- ;v.. ProdMCtion of rat anti-mouse IPSGn^ To enhance 

selection of B lyinphocytes activated against IPSC-specific antigens, rats 
15 are immimized with normal mouse tissue, followed by treatment w;ith 

. . cyclophosphamide on day^ .ppst-immiim 

selectively kills the reactive ?B cells^ leaving the rats unreisppi^ normal 
mouse antigensv Oni day 14 post-immunization, the rats are re-challenged 
with cells collected from various stages of mouse IPSG cultiires. . Thr^^ to 
20 four weeks afier this secondap^ xh^ the rats are re-immunized with 

i .:IPSG ipultwexells^fi^ 

partner^: Positsvely reacting^antibod^ cloned.: 

: 1 ; b) ; J . Production nfMouse Anti-Human IPSC mAbs: Mouse anti- 
human IPSG mAbs are preparied lufingvthe same prppi^ as ^escribed 
25 : : abovevforthe produ<^onofrat£Uiti-mp^^ 

1 immunized with normal: human, tissue and th^^^^^ re^halleiiged s^ter 
cycjophosphanude tmtment with cells from yaiipiis stag^ of hun^ IPSG 

■-. J':cultures;f w ..t-\ M;^ . ^r-'yv. - •-.-^^•■^u ■■ • vj-;'- :. ^^-i^ 

J c).; . ll^enf AntMPSC mAbs in the identification of Various 
30 Differentiati on 5;tages of Islet Cell Growth: ThemAbs raised against 

IPSG cultured cells are used to sort by FAGS or any other means known in 
the art, such as in magnetically stabilized fluidized beds (see below), the 
various cell populations defined by these reagents. Sorted cell populations 
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5 i :i( ; V *-ar6'^^^dmihW for ffi^ stages of differentiation (c:g- of 

• • ^- insuiiirl^gl'afe^^^ somatdstatim pi-galactosidasc. tyrosine hydroxylase; the 
' Regrgchyio hanie i few)-arid todfg^^ to 

• initiate^PSCcuItures): • 

i ^i^ K/R^ggrits which define c&ll surface land differentiation^xnarks of cells 
10 * invblveaih'tfie iito'genesis^ 

in this'arda of res^ 

isolation^(6r iennchiiricnt) of IPSGs^/fe^ of IPSGs permits 

testmg^df the'effirac]^ of of whole islets into 

IDD jjatiraWbr^ implantation directly into the piahcreaiSi circumventing 
15 . tiie heed- for extra-patfi^ra^ i i - . o 

^ui clh.. b:i/-i||:^additiori|^thes&^^ given 
'^'itiige-bf difTercytia^^ for markers ^^qiress^d on the cell 

''surface ofldiie pa^ are 
expressed on the surface of the differentiated pancreatic cells allows 
20 ' ' prodAxciidn^of iai^ cells:- Cells which do not 

l i i ^ro^iicfe tiie tirtdesira^ genelprodiict aire ieliected by using' the antibodies to 
'^jfelfect for clortes ofifeUs^ifi which'th^^ tn'air analogous 

fasKiom markers'significOT^^^^ and destruction of 

differentiated pancreatic cells are identified by attivating naive T-cells with 
25 whole pancreatic cells or subcellular fractions thereof, across the 

aJ diffCTraiHatibn-p 
^ 'iactivi^m alloVi^ the stemxellsLtd eliminate 

these marks and thereby produce cells which, in the differentiated 'state^ are 

• 'itisiistaht td-m 
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Exarnple 9 - Isolation nf Pancreat ic Cells at Different Stages of 
Differentiatidri 
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Using the markers and ligand-binding mpiecjuiqs identified according 
to Example 8v pancreatic stem cells or partially or completely, differentiated 
pancrratic ceUs cw be; isolated^ the art. 

Accordingly, the methods for hematopoietic stem ceiUsolationr discIosed in 
U.S. Patent No. 5 '061 i620; 5,437,994; 5399,493; ^ populations of 

pure: stem cells are isolated^using^antibcKiies;^^^^^ stem cell markers, are hereby 
incoipmted by reference as if fully set forth herein. Likewise^ the methods 
fcMTimammalian ceIl;separation;fix>m;mixt^^ 
« magnetically stabilized fluidized beds (MSFB), disclosed in U.S. 
Patent No. 5,409^813, are hereby incorporated by.referencc as if fiilly 
set forth herein. Antibodies to markers identified at each stage of pancreatic 
stemicell ;differentiationiare:attached tq^ma cells are 

pass^ through the magnetically -stabUized^^^fl^ 

adhere to the zmtibody bound magnetizable beads^rOr cellsiwhich^flow 

throughithe bed; rare-isolatediv^^-l> :^ 

Any of a number of other methpckluio^ of 

specificx^ellS imay Re used for this pi^pQse^ Theses methods include, but are 
; notjimited tp^^cpmplornmtvc^^ cellular.panning; 

inrniunoaffinity.chromatographyvelutn 
rtechniquesCs^i J^reshreyv:]^:!^^^^^^^^ , . 

Example.lO -.Analv58is of Factcm Which 1^^^ Stem Cell 

Differentiation and Factors Prfwluced at DifTerent Stages of Stem Cell 
Differentiatihti^ ,,r^ -v. . .. ....... .j.. 

Cells isolated according to the: methpck.pC Exs^ % or like methods 
are cultured according to the method of Example 1 or like culturing method. 
Factors significant in inducing differentiation are assayed by adding 
different factors to the growth medium and observing the differentiation 
inducing effect on the cells. Thus* conditioned culture media from various 
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5 " -^t<5ns^ca^vbeteyfe^^ 

diffd^htiatibn arc isolated usirife induction of differentiation as a 
punficatioW assay: G)^ factors such as glucose; other chemicals; 
hoimoties amd'sera similai-ly tested toisolate:the significant 

diffcreritiatioh inducing ;fac^^ 
: : ; > pa^ij;j^ jji^uc^d at di^^^ 

analyzed frbih the cdnditibhedculture medium of cells at each stage of the 
differentiation process. These factors are likewise tested for their autocrine 

* effecf iin stfe?m cel^^ differentiated 

r 

-•i5t«4i"c«lls&''''' ■ - --^ -^--^ 

* F^Wiple i 1^ n^netifc ^^ jfirattofi^^ Gells:^Q PrOdUCC 

Cfills ' ■ ' ■ ^'^'■■'^'*' ^-'^-^ ' 

.:,^r:a^^ -Pahcitatic stieafri^ cultured iccdxding.to:Example^ or 2 or 

20 is&iatei adTOrdiii^ 

' ' • accoi^ingtt^ariy^m known in the aft^ produce autoantibody and CTL 
- li^^iant^stem^ differe methods such 

W^ser^sdosed iitU:Sl^Pat^^^ 
' - 5^32^^^ j^; U:S^ Patent^N6; 5341761; ^i^-'arfd in :WO-90/1 1354, 
25 -^t^fb; WO^2/0391^ 95/17911, 

jwpi^d^? Alteniauw by 
culturihg these fcells in the presence of autoantibody or IDD associated 
CTLs or CrriLs activated with IDD specific autoantigens.v As a rcisult of 
'■'th^e techni^ue^^^ cells Having increased resistance to destruction by 
30 antibody or T-lymphbcyte dependent rnechanisms are generated. Such cells 

are ini^lanted into an appropriate host in an appropriate tissue as disclosed 
abovb- in Examples 3 and 4 to provide a pancreas-like structure which has 
increased resistance to destruction by autoimmune processes. 
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i Likewise; the human Icukocyte.antigen prpfUe of the^^anpreatic stem 
cell and difTerentiated cell is modi ficd,. optionally by m process, in 

„ . vviiich thc stemxcll is exposed to nonnd,^^^^ 

surviving cells selected. Altfernativelyi a site directed ^utagenpsis approach 
is used to eliminate the HLA markers<frpin the sw^ 
difTerenttated cells, and new stem, cells thereby generated or isolated from 
pancieas-Iike structures are used to impl^mt into a recipient mammal in need 

of such iinplantation. ^ 

: In a specific examplcv the adeno-associated virus (AAV 

system canying the neomycin-resistance gen, neo is used.i AAV can be 
used to transfect eukaryotic cells (Laface, 1988). In addition, the pBABE- 
bleo shirttlciYector s is used 

:M(M(M^|SeM^^ 

cells with bacteria-derived genes. : 
o a) V J pifigfecitinn nffPSCs : : C^ltwed ip^^ 

with etth^ the retroviral segment of the pBAPE-2-lb;tep ycctprjby 
^ electroporation or the AAM-neo vector by diie^^ Adhc^nt cells 

frOTn establishedlFSG culture ton? Ae n§s^^ culture 

; flasks using CrPEG-bufTer Cphosphate^bMffCTed^^s^^^^ with 

EDTA^'andjhigh glucose). l>ese cells, are suspended in DMEM.and 10% 

fetal rat serumxontaining the retroviral stock, in the case.of pBABE- 

bleov subjected to electroporatipn;^ (Since electroporation can bip a fairly 

haish:|mmduiexompared to direct viral infe^^ 

electroporationtare examine for viability. Viability of the IPSC: pulture cells 
is detemiined by theirability to exclude vital dye and anj?ilysis of i^^ 
associated cell products such as glycpsaminpglycans and hydroperoxides.) 
Secondary cultures of the transfected cell? are established. Re-cultured cells 
are selected for resistance to phleomycin or neomycin* respectively. 
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S h) ' ■ Td^tiftcatidW rif Prb-vira K^^^ Transformed Cells: 

Neomycin or phiebmwin re^^^^ cultured cells are tested for the presence 
of the appropKate inmsfectm DNA. ^ Cells are removed froihthe 
culture flasks usiiig C-PEG buffer iiid 'digested in. lysis buffer containing 
proteinase K. DNA^ is^ phehoi/chloroform extracted then precipitated in 
1 0 ethariol/sodium- acetate: -Pi^^^ DNA is identified using nested PCR. For 

the first reactibh, PGR primers are used which' amplify the entire open 
reading firaime of the appixipriate iteistancc g the isecond PCR 

reaction; the PCR pi'oduct is iisbd as template: Selected internal S' and 3' 
primers are used which aniplify an internal sequence of known biase pair 
1 5 size. The final PCR product is detected by ethidium bromide staining of 

agarose gels following electrophoresis and/or probing of Southern blots. 

c) Stability of Tran5;fnrmation! The long-term Stability of 
the transformations is determined by maintaining long-term growing 
cultures of the transfected cells and periodically testing them for the 
20 presence of pro-viral DNA, as described above. 

These studies provide information on the efficacy and reproducibility 
of transfection procedures using IPSCs as target cells. Furthermore, they 
establish a second foundation for use of transformed IPSCs in treating IDD 
patients. 

25 

Kxample 1 2 - Encapsulation of In Vitro Generated Islets and Implantation 

Into ^ Mammal 

Methods for encapsulation of cells are well known in the art (see, for 
example, Altman et aU 1984, Trans. Am. Soc. Art. Organs, 3Ii:382-386, 
30 herein incorporated by reference, in which human insulinomas were 

enclosed in selectively permeable macrocapsules). Accordingly, isolated in 
vitro generated islets, optionally genetically modified according to Example 
1 1, or pancreas-like structures produced according to examples 3 and 4« are 
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?^capsulated m a^^^ iiisiilin^ gl permeable 
encapsulant: Preferably such: encapsulant is hypoallergenic. is easily and 
stably situatedrin a uurget tissue, and pr9Y><|es add^d^protection to the 
implanted structin^ suchi that ^difTerratiatip into a functional entity is 
assured without destruction of die idifTc^ 

It should be understood vthat the e>a^ 
descrifaed herein are for illustrative purpos;es only and that various 
modifications or changes in light thereof will be suggested to persons 
skilled in the art and are to be included within the spirit and purview of this 
application and the scope of the appended claims, 
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1 . A method for the in vitro grbWthWislct producin celk, 
IPSCs^ to produce islet cells or an islet-like structure which comprises 
cultiirihl;' pahcreaiic cellis from a mliunmaiiah^^ species in a basal nutrient 
^ ■ ^ nieciiuim suppiemmi^ normal S^hm^ below^ al^oiiirtB^'iund glucose 
at below about 1 mM, allowing said IPSCs to grow for at least-about 3 
weeks, and initiating cellular differentiation into mature islet cells by re- 
tredihg the IPSCs 

normal senim aratfeJut 0^5-10% iuid glucose at abotit 2;5'hiKi^l O nriM. 

2:' " TTi^mfethbdf'ae^oii^ii^^^ 
cells are human islet cells and the serum is nomial human serum. 

3. The method, according to claim U wherein the pancreatic 
cells are mouse islet cells and the serum is normal mouse serum. 

medium cornprisiibs'i high^ acid riutneht med^ 

5. '''' ' TKe method, according to claim 1^ wherein th^ culture 
medium used to re-feed said cell culture further comprises glucose. 

. n t oig^ - ^ ' TTie methbidl accofdiri^ differentiation of 

cultured stem cells is initiated at about 4 to 5 weeks of ctfl tore gro by re- 
feeding of said pancreatic cell culture with the nutrient medium 
^ supplembhte^^^^ 
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7. The method, according to claim 1, wherein after ceil 
differentiation is initiated by re-feeding the culture, the culture is re*fed at 
afaioutpne^^ 

8. , The meth^Mi, accordinglp claim 1 , wtierpin. the nonna] serum 
, is obtained frpm the some mamnmlian species from which the i$Iet cells 

were obtaine^d. 

9. The method, according to claim 1 , wherein aii islet-like tissue 
structure is produced after differentiation of said IPSCs, ^ 

10. An jusletc^^ 1. 

1 1 . An islet-like tissue structure produced by the method of Claim 

12. A method for producing an endocrine hormone which 
p^mpiises^ pu|tiif]|t|g p^Pinc»tic celk.ac^ 1 , and recovering 
said endocrine hprmpne ^oixi said psuicreatic cell culture. 

13. The method, according to claiin 12, wherein said hormone is a 
human hormone. 

. 14, , . T]he method, accoIx)ing tp^ ,c^i^n. 12, wherein said hormone is a 
niouse hoimone. . 

15. The method, according to claim 12, wherein differentiation is 
initiated at about 4 to 5 weeks of culture growth by re- feeding of said IPSC 
cell culture with said nutrient medium supplemented with normal serum. 
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5 16: The method, accprding AP claim 1^ endocriine 

hormone is selected from the group consisting of insulin, glucagon and 
somatostatin. 

1 7. A method for producing a psuncreas-like .organ m a nianmial 
10 which comprises implanting an islet cell or an islet-like structure produced 

by the method of claim: 1 into the tissue of the iMmmal. 

18. A method for treating pancreatic disease in a mammal which 
comprises producing a pancreaticr-like^ organ in the mammal in vivo 

15 according to the method of claim 17. 

, : ; : ; I- 19. A pancreas-like organ produced by. iniplanting an islet-like 

structure into a mammal wherein said i^letrUke struct^ by 

growing islet producing stem cells, IPSCs, present in pmcreatic. pells from a 
20 mammalian species in a basal nutrient medium supplemented with normal 

^ serum at belbw about 0:5% and glucose, at below 1 mM, allowing said 

IPSCs to grow for at least about 3 weeks, and initiating cellular< v. 
differentiation into mature islet cells by re-feeding the IPSCs in culture with 
- a nutrient medium supplemented with normal serum at about 0.5- 1 0% and 
25 glucose at about 2.5 mM-lOmM. 

: 20 J The method, according to: claim 1 , wherein the islet-like 
structure comprises cells selected from the group consisting of a, cells, p 
cells and 5 cells. 



30 



21. The method, according to claini 17, Avherein said i^ 
structure or islet cell implanted into the mammal is autologous to the 
mammal receiving the implant. 
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' 22. ' tlie metHod, according to claim. 17, wherein the mammal is a 

' ^'htimjufi^' ' 

23. The pancreas-like organ, accordmg to claim 19, wherein said 
orgah^s prbdi^^ 

24. A ihammaU other than a human, having a pancreas-like organ 
produced according to the method of claim 17. 

25. A mammaK according to claim 24; wherein said manmial is a 
mouse. 

26V'^''^'A: methbd for 
whidhi comjpnses im^ tissue 

;^bf said^imunmid*^^''^ ■^ ■^ ■• u-^:-- 

27. A'pwdresis-like oigsm 
metKod'ofclaim'2i6l^ .^--^^ '■ "^^^v-- f -•- - ,><|^ 

■ ' '■ 2Ki ' - The^meiOidd of claiin' 26 in^^ said at least one pancreatic 
stem cell has been modified such thatit does not express insulin dependent 
diabetes associated autoantigens, other than insulin, or which has been 
modified so-tKat it does liot e?q[)ress human leukocyte antigens, as said stem 
cell differehtiates into said pancreas^like organ. . - 

29. The method of claim 26 in which said at least one pancreatic 
stem cell is encapsulated in w insulin, glucag other 
pancreas produced factor permeable capsule. 
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' 30;|i^ A method f for analyzing the difTextrntiation of pancreatic stem 

' cellstwhicfa^comprises cultiiring at least one pancreatic stem.cell i>t viYro. 

^ 31. :The method of claim 30 .which ii^ 
ir. said^atleiast oneistem cellto begin differentiation^ 

structure.: : : • 

32. The method of claim 3 1 which further comprises identifying 
• mRNA or protein markers specific to a plurality of different stages in the 

differentiation process. 

33. The method of claim 32 wherein said protein markers^ are 
expressed on the cell-surface, are secreted, or are intracellular. 

34. A method of making a ligaind-bindingrmolecule which 
selectively binds to pancreatic stem cells: or to more differentiated 
pancreatic cells , which comprises contacting a.naive B-lymphocyte or T- 
lymphocyte with a protein marker idehtifiedtaccording to the method of 
claim 33, and culturing and^cxpandinjg:saidi BTlymphocyte or T-lymphocyte 
to obtain a population of cells which produce said ligand-binding molecule. 

^ ..^^ .... . r:::: 35:-^ A.'Iigand^bindihg:molecule.i3rq3ared.accp 

ofclaim34. r t . 

r : 36^ ' The ligahd-binding molecule of claim 35 which is an 
^ antibody, a monoclonal antibody, or a:T-ceIl receptpr." 

37. A method of isolating a pancreatic stem cell or a partially 
differentiated pancreatic cell at any stage between that of a pancreatic stem 
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xdl and a fuUy iiifrereiitiated pancreatic celU which comprises selecting said 
cell frcnn a popiilation of cellsconiprising said cell, with the Ugand^binding 
molecule of claim 35 ^^ch binds to a cell-surface protein marker expressed 
by iaid cell'at said stage of difiTerentiation, or selecting and removing other 
cells from apopulation of cells comprising! said, cell with the ligand binding 
molecule of claim 35 which binds to a celKsurface protein marker absent on 
the surface of said celL 

38: An isoliated cell, isolated according to the method of cla 

39. An isolated pancreatic stem cell or a population of isolated 
pancrotic stem cells/' ' 

40. A method for treating a mammal suffering from, or at risk of 
IDD^ A^cb compriiseszr 

a^< /r , 
b: Gultiiringpliiripotent pancreatic cells pre 
tii»ue; m Wisro; to^genera 

c. implanting said . isletr like structures 

4 1 . An IPSC modified so as not to express insulin dependent 
diabetes autoantigens in either the undifferehtiated or.in the.differentiated 
state of the IPSC. 

42: The modified IPSC of daim 4 1 wherein said amoantigen 
which is not e>q)ressed as a result of the modification is selected from GAD, 
64 kD islet cell surface antigen, and HLA markers. 
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ihclusibn of about 10-25 mM' glucose; hieipatocyte growth/scatter factor, 
keifMinbcyte? grbwA^ fibroblast ^wth factor; epidermal growth 

factor, ihsuHii-HKe grbWtlr factor; nicotinamide; or autocrine growth factors 
produced by IPSCs. 

44: The method Of claim 43 in which the glucose concentration in 
the reefed medium is about 16.7 mM. 

45 : A method for in vitro neogenesis of islets from pluripotent 
st^ni ot pirogisriitor cells wKich^^^ 
; ; 1 > i ^.^^^ estiabiiishing a stromal j^OT^ 
' ' " p^Bate^iiithpi^^ the^OTcration of IPSGs;? - 

■ -'^b; ' ^'• mducing ste^ with culture 

' ' COTditii^ whidt p of IPSGs] and^alis6 prevent 

c. expanding and differentiating the IPSGs td prcNiuce'S^ islet- 
" : like stiiictutetoihjOT : f:. : 

46. A inelhoid fOTiohg^tenn propagation bf IPSCs which 
cbmpiises idriaily tim^ plus early-stage, proliferating 
islet-like structures itf'dilfluSe'w^ ^ . - ^ ^ 

47. A culture-generated islet-like stmcture characterized by large, 
differoitiated cells which stain with insulin-specific stain in the center of the 
islet-like structure; small differentiated cells which stain with glucagon- 
specific stain at the periphery; and proliferating and undifferentiated cells 
which do not stain with any of the endocrine hormone-specific stains in the 
inner cortex; said structure being ftirther characterized in that, upon 
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l»«dmg^sud Structure into single cell suspensions by mechanical means in 
the presence of a protcQlytic enzyme and subsequpQt staining of m 
cells» individual cell populations which stain eidier yy^ith gluf^gon-sped 
stain (a celk)^ insulin-specific stain ( p cells) or somatosts^-specific stain 
(6 cells) are observed. - , , r ^ 

48, llie method of in vitro nepgenesis of islets according to claim 
45 which comprises: 

a. dispersing and leaving undisturbed pancreatic cells in a 
minwnal culture mecUuni comprising littlp qr no.^ucpse, serum at a 
concentration below aboutO.S%, .essentia^^ cells of the 

> : species^frcnn which the pancreatic, cells ^Mfcre^obtomed, and a rudimentary 
lipid|:spince,runtila^ of Ifae celb^in^siud^^^ I); 

b. . . le-ff^edingi: tihe cultiuie^: of step (a), jiyith said minimal medium 
^^^^^ ^ abwit-l-lft^ (but 

less than a toxic amount of) and^rerfeedmg.abput^^^^ week until rs^id 
■ proliieratira, occurs;, 

c. re*feeding thexultiro of stc^,^^^ ^1^. said mimmal, medium 
supplemented with said 0.5-10% soum and about 10-25 mM glucose and, 
optimally, added growth or. cellular^ factors (Phase III); 

d. v allowingiisletrlikestroctu^ 

e. recovering said islet-^Iike structure. 
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